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1. ntBWXHJCTIOH AMD SUMWftK* 


1.1 nosoDucrrxoR 

ih is is the first informal monthly technical report under Con- 
tract AF 33 ( 657 ) - 13*64 and covers the period from January 1? through 
August 30,. 1964. None prior to this report has been published as 
considerable effort ha© been devoted to system analysis, and system 
parameters of this project have changed rapidly. However, close per- 
sonal liaison has been maintained with the Project Engines r and. otter 
members of the customer's technical staff in resolving these parameter 
changes and in maintaining up-to-date knowledge of project status. 

Slow, sufficient prograss tea teen made in the analysis of the 
active sub-system to document the decisions which have been reacted 
uni to render informal monthly report r. upon technical progress and 
additional system changes which may occur. To accomplish this requires 
a more detailed report, at this tine, then is contemplated for the 
usual informal monthly technical report. 

1.2 ESTABLISHMENT OF TASKS 

In order to establish technical and administrative control of 
the contract, the work being performed thereunder has been divided 
into tasks. These have been grouped in three major categories: 

a. Project 

b. Active Subsystem 

c. Antenna bubsyatem 
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Included under Project tasks ©re: 

a. Project administration 

b. System analysis 

e. clutter test program 

included under Active Subsystem tasks are: 

a. Active Subsystem Jfechantssation and Integration 

h, Transmitter and RF circuits 

o. Receiver 

<1. Data processing 

e. Clutter Tracker and Video circuits? 

f . Low Voltage Power Supplies and Special Teat Equipment 

g. Filter B«ak and Interrogator 
Included under Antenna Subsystem tasks are: 

st» Analysis and Model Study 

b. Development of Elements and Power Dividers 

e. Fabrication and Test of Deliverable Antenna System 
For this and subsequent monthly technical reports, project efforts 
will be reported by tasks -under these major categories. 

1.3 MAJOR EVEMTE 

In summary, the major event;;, which have occurred during the 
period herein reported, are tabulated below: 

a. Preliminary system Analysis (performed Intermittently 
from the issuance of the initial proposal January 18, 
196U until, verbal authorization to proceed was given 
April 8, 196h, Thin was e limited effort for which 
anticipatory costs have been allowed). 
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b. Requests of active subsystem end quote for antenna sub- 
system on or about April 7 , 196 %. 

c. Continued system analysis (April 8, J.96% to present 
date). 

d. Requote of anteims subsystem Hay 8 , 196%. 

e. riecelpt of letter contract. May 15, 196%. 

f. Analysis of anticipated radio frequency interference 
to operation and its affect upon operating frequency 
power. (This analysis resulted in a decision on or 
about June 22, 196k, to change the operating frequency 
frcaa that proposed January 18, 196% and to double the 
operating power and the consequent increase in the 
scope of work outlined in document Al 8 l 2 £F, dated July 
2 , 196 %). 

g. Mechanization study, definition of subunits and pre- 
liminary subunit design (April 8, 196% to present date) 

h. Receipt ©f definitive contract and first nrsendment 
thereto, August 11 , 396%. 

l.% COITffi ACT COSTS 

A® costa incurred under this contract are reported separately 
and are not included within this report. 

1.5 FiiOJBCT TASKS 
1 . 5.1 Anticipatory Coats 

Initially the anticipatory costa were considered to be those 
accrued prior to verbal contract go-ahead on April 8, 196%. This 
effort was devoted to continuing system analysis from January 18, 196 %, 
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with the primary purpose of estatol ishing firs systs® parameters. 
Additional effort was devoted, toward system mechanization. A pre- 


liminary block diagram was developed and fro® this block diagram 
preliminary sub-unit definitions were made. Further technical effort 
vaa devoted toward investigation of clutter filters, filter banks and 


preparation of technical data demonstrating that the performance re- 
quired of these filters is achievable In the operating environnssnt in 


which operation Is intended. 

The total costs so accrued and charged to engineering task AA2A 
are approximately $ 19 , 100 , of which approximately $1,100 costs relate 
to the passive system olectroniec and will b@ transferred to contract 
AF33(657)13262 which resulted fro® that effort and $3000 of which costs 
relate to the 'passive antenna system and will be transferred to con- 
tract AF33(63? >13261. The $15,000 remaining costs relate to the 
active subsystem and sake up the anticipatory costs allowed under 
Contract AF33 (657 >13264. 

However, under the definitive contract Issued August 11, 1964, 
anticipatory costs are defined, as those accrued prior to May £6, 1964, 
Therefore, anticipatory coats, so defined, consist of tin# and 
materials accrued against engineering tasks other than AA1A between 
April 8, 1964 and May 26 , 1964, plus the $15,000 determined above. 
Engineering Task MlA was closed April 8, 1964, and no costs were 
accrued to it subsequent to April 8, 1964. Thus, under the contract 
definition, total 'anticipatory costs’’ to May 26, 1964, for Contract 
AF 33(657 >13264 are approximately $100,000. 

Sotei tfaer all references to costs made above are based upon 
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engineering department compute t Ion k and are not official* Official 
commutation;; uruat cobs from the Accounting tepartiaent. 

1, 5. 2. Mffiinl stratlon 

A sbwi i project ©roup tea teen established for administrative 
ate technical control of this project, the person* mrmA below serve 
full time on the project; 

a. ■«'. 0. jfelllns a a Pro.^rem Manager end primary Westing- 
house representative. 

h, h, 8. Murray, Senior ingineer, as assistant to the 
program manafjer, responsible for engineering cost and 
ackedul* control, technical reporta, project security 
and other administrative aspects of the project. 

o. j, w, Hughes , Senior Engineer, as assistant to the 

project manager, responsible for mechanical coord ina t ton 
of the project ate mechanical liaison with the customer 
and with other contractors, responsible for related 
systems. 

'fills project group serves the suiac functions with regard to con- 
tracts AF33( 657)13261 and AF33(657 )13262. 

In addition, J. W. Stuntz, Manager Aerospace Development Engineer- 
ing:; H. B, Smith, Aerospace rhigi nearing Manager; S. 7. Petrou, VP ate 
General Manager, Aerospace Divlcion and i\ W. Eby, Aerospace Marketing 
Project Liaison, function with the project grot® on a part-time basis 
in their respective capacities, as required. 
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1.5-3. Project System Analysis 

Also serving the project, since its beginning and at the present 
time upon an essentially full time basis, are P. H, Mooney, Advisory 
Bagineer, radar systems specialist, and M. S« Whee-Ier, Advisory Engin- 
eer, Antes mm &y stems specialist. These have primary technical respon- 
sibility for the establishment of system operating parameter.; and 


equipment specifications for o system fulfilling the operating re- 


quirements established by the customer. 
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1.6 SYSTEMS ANALYSIS 

A considerable as mat of effort daring this reporting period has 
been devoted to more detailed analyses of system requirements, based 
on new and more complete customer input data, furthermore, in a num- 
ber of areas, ways have been devised which iaqjrove performance beyond 
that originally obtained* Also, a number of potential problems were 
uncovered which were not previously realised, and have been circum- 
vented by modifying the mechanisation. 

1.6.1 Fretpency Choice 

The most Important single analysis involved a study of the effect 
of transmitted frequency choice on the radar interference performance, 
detection perfonaanco, and hardware physical characteristics. Of these, 
the interference sources were by far the overriding consideration. The 
frequency band fro® 100-500 me was studied, which includes TV, high, 
power pulse radar, navigation aids, telemetry, and narrow-band ecwBuni- 
cations interference sources. The original proposed choice of 19©- 
200 me fell in the TV band so a detailed analysis was made first of 
the possibility of operating in the vicinity of both on-frequency and 
off-frequency TV channels. To back up the analysis, spectral measure- 
ments were made at a local ST station* A map of the geographical area 
which would be negated by Interference was prepared, and forcefully 
showed the hopelessness of such a frequency choice. 

A similar study of operating in the vicinity of the known types 
of pulse radar was made, and the conclusions were similarly negative. 

(in both cases the studies took into account interference spectra, 
antenna patterns, range variations, radar frequency hopping, etc.) 
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TABLE 1-1 

wmm tmM 'm m&$m msmmm 

70S flAKB a/HAfi MiWE 


p -Jr L * £4 '* 

Power 

(KW) 

Prime 

Power 

(m) 

Syatm 

Weigit 

(Pounds) 

Volume 
(Cu. Ft.) 

Frequency 

1%5 

0.9 

2,0 

zra$ 

6.0 

1.2 

240 

2.0 

4.5 

360# 

6.4 

9 

36 © 

5.6 

U.7 

482 # 

8.8 

15 
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It was decided that the only practical choice was to select an 


operating hand vhere the interference sources vere less potent* Iferee 
such bands vere selected at 145 me, 24© me, and 360 me as being repre- 
sentative of the clearest regions known (respectively, a ham band, a 
telemetry head, and a communications band). Similar calculations of 
interference problems showed that with improved receiver design (to 
be discussed subsequently) and with 6-10 me tuaability, quite acceptable 
performance would result in any of these bands, therefore, preliminary 
hardware designs at each of these frequencies vere made to compare the 
detection performance, or more simply, to centre the hardware required 
to obtain the same performance. It was found that considerable differ- 
ences did exist, as Shown In Tables, Ihe low frequency system had the 
lowest power requirement and volume, but had an unacceptable frequency 
tunabllity due to antenna bandwidth limitations, fhe hlgi frequency 
system had excellent bandwidth, but was vesy heavy and required excessive 
power. Ihe 24© sc system was the best compromise, having adequate band- 
width, lowest weight, and moderate power requirements. Compared to the 
original proposed system, however, it is somewhat larger and heavier 
and requires sore power. It was concluded that this is a small price 
to pay to gain the is©rovement in interference iaraanity, and so was 
recommended to the customer in June, 1964, and was accepted. 

Ihe system modifications which are required to be compatible with 


the new frequency are: 


1. The transmitter average power must be doubled (to 2 ffltf) to make 
up for the smaller target cross-section and reduced antenna receiving 


aperture at the higher frequency. 
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2. Ihe antenna installation becomes more difficult, and Is not 
yet fully settled. It appears that the proposed syaaetrical installa- 
tion about the vehicle centerline nay sot be possible due to excessive 


spacing between antenna elements at the shorter wavelength. If this 
be so, the two r ow» of elements oust be mounted on the same side of 


center, which causes more severe mechanical Interference problems and 
which requires the addition of a metal ground plans behind the outboard 
elements with obvious disadvantages. 

3« fhe receiver must Incorporate ffl filtering and a smoothly 
shaped bang-snuffer pulse to reject the interference signals* fhe 
filtering Is required to limit the interference levels so that they 
do not drive the receiver stages non-linear, causing clutter spectrum 
spreading due to intermediation, the snuffer pulse shaping is neces- 
sary to prevent spectrum aliasing of out-of-band interference which 
would spread into the filter beak passbond. 

With the possible exception of the antema, none of these modi- 
fications presents any problem of consequence • Use antenna probl em is 
still being studied and more detail will be given later in thie report. 
1.6.2 Parget Oharacterlsties 

Considerably more data has become available from the customer 
regarding target characteristics, much of which has affected the de- 
tailed selection of system parameters. Ihe information obtained concerns 
measured data of target cross-section as a function of angles and 
frequency, computer plots of target velocity and acceleration versus 
time for two target models and a range of target variables, » nd a re- 
vised vehicle flight profile. 


| • . a - : " ~rv' -■ 
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The target ercas-section data is wry encouraging in that it is 
near the assumed magnitude of the proposal and it does not wry sig- 
nificantly with aspect angles of 4 15° from the nose, hence the acai- 
fluctuating model appears justified* 

For the proposal a calculation had been made of target reflection 
based upon an res sum of all the applicable surface reflections. The 
value of 3 meter sqpuare was thus used at 200 me. 

As measurements became available* it wag found that 3 meter s<juere 
was indeed a good design number for 200 me but a deep null existed at 
170 me and again at 340 ate. 

This target data will be avllahle for the next report showing that 
return is generally good in the 200 me and 2yO me regions. 

Another area of interest has been in radar return from the missile 
exhaust. While there is a large amount of information available, 
particularly from Stanford Research, the results appropriate to tails 
situation must be inferred. The principal problem is the lack of 
measurements £ecm the frontal aspect. There is an exhaust return having 
skin doppler velocity but its magnitude can only be estimated, at 10 
meter 2 + 10 dh. For this reason, this return has not been included in 
the design work. 

The new data on target velocity and acceleration versus time con- 
tours also are encourg&ging in that they are less severe than the 
original proposal assumed. These data were converted into the minimum 
detectable velocity and the time available for detection as a function 
of position within the desired coverage contour. The available time 
was found to have a minimum at the max im um cross-range corner of the 
contour of from 1.49 to 1.97 seconds, depending os the target mode! 
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assumed, or an averags of l.?3 second#, Usis is very helpful cospared 
to the 1*3 seconds of the nominal for the proposal, and permits getting 
more looks (which were found to be necessary as will be discussed}* 

Hie new ground coverage contour is also slightly more favorable 
in that it is somewhat smaller than that assumed in the proposal. All 
of the system calculations, including the above times, are new based 
on this new contour. 

1*6*3 Antenna Coverage 

In the proposal the antenna pattern was assumed to be a fan 
shape. A transmitted azimuth beam-width of $0° and receive of %5° with 
a 20° elevation beam-width was considered. la the geometry of the 
problem, the antenna pointing angle In elevation was selected to be 
22-1/2° below the horizon. Ube receive beams were squinted 22-1/2° 
either side of the vehicle axis. 

Ho check the coverage of the required area, a detailed study of 
the gain pattern tat performed. With this small elevation pointing 
angle, the pattern is distorted from a fan beam because the antenna 
operation is approaching eadfire condition*. 

As has been mentioned, consideration of a different antenna con- 
figuration was also retired due to tee frequency change. At tee new 
transmitted frequency, the symmetrical configuration proposed could 
only be mechanized with a spacing of approximately one wavelength be- 
tween the rows of the array. An asymmetrical configuration is needed 
to reate tee desirable 0.5 A spacing. 
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1.6. 3.1 Pain Pattern Investigation 

Examination of ih© giin pattern of the array was accomplished by 
synthesizing the theoretical pattern from the array and element pattern# 
known to he generated assuming a flat ground plane. The pattern was 
then projected onto the earth plane for comparison with the desired 


coverage area. 

Two undesirable effects were noted in the on© wavelength spacing 
case. First, the main lobe receive pattern beam-width was narrowed. 

This ae.de satisfactory coverage of the retired area more difficult . 

The second effect was the appearance of a sidelobe, only 3 <*b 
down from the main lobe and located on the opposite side of the vehicle 
axis. Operation with such an existing sidelobe could nullify or con- 
fuse the angle sense of detections made by the system. 

A #**»***»-•»* examination of patterns for 0.9^ spacing was also con- 
ducted since it was considered possible to attain that spacing. The 
results were not significantly different, however. 

Inspection of the element receive pattern, which 1# the prime 
cause of the beam-width change and sidelobe generation, revealed that 
a 0*5 A spac ing is optimum. Therefore, the process of synthesizing 
gain patterns and comparing them with the desired covers^ was repeated 
for this case. The wider beam-width eased the coverage problems and, 
as expected, the sidelobe level was reduced to a negligible factor. 
Because of these factors, the use of the 0.5^“ spacing, the 

asymmetrical antenna configuration, appears most desirable for good 
system performance. 

The asymmetrical configuration, however, introduces another 
factor into the problem. Installation of the array on this configuration 
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would cause both rove to be placed on a plane inclined 18° in roll . 
The resulting off-center transmit pattern Is undesirable and the 


antenna patterns must be intentionally distorted in order to sake them 


symmetrical about the vehicle axis. A planned variation in the element 
design will accomplish this and will be described later in this report. 

Figure 1.1 shows one-half of the coverage area on the earth with 
2-way gain contour# superimposed. These contours were drawn for the 
0.5 A separation array mounted on the inclined plane. The dotted con- 
tours on the figure are desired gain contours generated from detection 
probability and eclipsing loss considerations as described in a later 


paragraph. The figure shows that satisfactory coverage will be obtained 
with this antenna configuration. 

liofce that the contour# la figure i.i are shown in db below two-way 
peak gain. The two-way peak gain of the antenna system has been calcu- 
lated to be 25 db including all antenna losses. This has increased two 
db frost the proposed value because of sore precise pattern and beam- 
width information. 


1 .6.3.2 Pointing Angie and Beam-width Investigation 

Pointing; angles and beam-width were varied to determine the proper 
values throughout the g^in pattern investigation . Some changes were re- 
quired to reach the pattern shown in figure 1.1. 

The transmitted azimuth beam-width remained 90°. The received 
value changed to 49° » In elevation, both receive and transmit beam- 
widths became 21-1/2°. 

It should be noted that the beam-width figures quoted exist only 
as one-way figures. In the synthesis of the 2 dimensional, two-way 


V 
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pattern#, due to the distortion near sadflre, the azimuth and eleva- 
tion plane# are twisted so that one-plane dimensions lose their mean- 


ing. 

Pointing angles both in azimuth and elevation were changed to 
optimize coverage. Uie depression angle measured fro® vehicle center 
line is 3 h°, while a 20° azimuth squint angle wa# selected. 

1 . 6 . 3.3 gusanary 

Coverage investigations indicate that the space between rows of 
the array should be 0*5 A for optimum coverage and complete absence of 
ambiguity. Present calculations are proceeding with the assumption that 
an asymmetrical antenna configuration must be used to reach this condi- 
tion. It is possible that the alternate symmetrical form can be used 
if a method can be developed to shorten the electrical separation of 


the rows. 

Use of the 0.5 A spacing and the new pointing angles yields gain 
patterns which appear to satisfactorily cover the desired area. 

1.6.4 integration Time 

Of all the parameters, other than the antenna, available for 


optimization, the selection of the integration time is probably the 


most iu$»rtant. there is only a Short time available in which to make 
a detection, verify that it is a desired target, and reject undeairad 
targets j in the meanwhile trying several Pf'« so as to prevent eclipsing. 


and selecting the best transmitted frequency to minimize interference. 


A study was made of the effect of integration time on the signal/ 
noise required for detection. Shorter integration time is partly made 
up by having time for extra looks, but the longest possible time was 
always found to be best for detectability. When the effects of false 


’.4 V? \ \ VI 
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target# were considered, it was found that at least h looks are neces- 
sary to prevent possible missing of a true target due to the H# switch- 
ing sequences la the presence of a false target. Also, a study of the 
effect of having the radar looks not exactly synchronized with the target 
available time showed that a considerable loss resulted unless at least 
four look times arc allowed for. 

Hie integration time also influences the scanning loss that re- 
sults when the true target acceleration does not exactly match the 
filter bank sweep rate. It also directly affects the filter bank move- 
ment of the target from one look to the next, and hence the discrimina- 
tion performance. Hie former effect makes a short time desirable, while 
the latter makes a long time desirable. All of these effects were calcu- 
lated and compared, and an Integration time of 0.29 seconds was selected 
as the best congiroaisc . Hiis permits k looks as shown in figure 1.2 in 
virtually all cases, including even the worst of the target models, and 
reasonable performance in all the areas mentioned. 

1.6.5 Filter Bank Parameters 

Hie choice of filter bank parameters are also important in determin- 
ing the detection and discrimination performance. Hie various effects 
were considered of the choice of band-width of the individual filter bank 
filters. The most important one is the discrimination capability between 
desired and false targets. Hie narrower the band-width, the greater the 
number of filters the target moves from look to look. As analysis of 
the eentroiding error in determining the target average filter position 
showed that it would be at most + 1/2 filter, corresponding to + 1 filter 
increment error from look to look. Since this error is fixed, narrower 
filters improve discrimination. 
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Harrow filters also sli^itly improve the S/S required for detection 
for a target Which is stationary in the filter, hat this is a minor ef- 
fect due to the use of post detection integration. A serious problem 
would result, however, if too narrow filters were used, due to true 
targets which are not exactly matched to the filter bank scan. A scan- 
ning loss results due to shortened effective integration time. This is 
especially true for target signals that happen to fall near the split 
between two adjacent filters. Curves were made of this loss and the 
narrowest filters which gave acceptable loss wore about Ik cps at the 
cross-over points. This choice results in the acceleration acceptance 
band of figure 1.3, due to centroiding errors, which seems quite reason- 
able. this figure is for the worst possible 8/W and the average curve 
is much more nearly square. 

The total band-width covered by the filter bank need at most cover 
from the clutter edge up to the highest target velocity of interest. 

It was found, however, that the upper edge is not at all critical, only 
affecting the maximum number of looks near zero azimuth. Beyond about 
5 looks, very little is gained in detection performance, so the filter 
bank coverage was selected as 560 epe which gives at least 5 looks for 
all conditions of geometry. This reduces the number of filters somewhat 
below what would otherwise be needed, which is desirable due to the nar- 
rower filters now required. 

The frequency response of the individual filter bank filters was 
originally a 2-pole Butterworth response. The effect of a very strong 
false target was found to be to trip off a very large number of filters, 
due to insufficient skirt attenuation. A study of maximum signal levels 
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and filter complexity resulted In the decision to go to 3-pole Butter- 
worth filters, which limits the number of filters tripped to a value 
the digital centroiding circuits can handle, while also greatly reduc- 
ing the portion of the filter bank which a false target can mask. Ifces© 
factors appear to definitely outweigh the additional complexity of the 
filters. 

The optimum db point for one filter to cross-over an adjacent 
filter response was found to be less than the -3 db level originally 
assumed for two reasons. First, the detection performance Is awch 
poorer for a signal falling at this point, even though there are two 
filters which cumulate detection. Secondly, the filter bank oeehaal na- 
tion can conserve on crystal elements by sharing them in adjacent filters, 
but the cross-over Is then pre-deterained and is -1.5 db for the 3-pole 
filters. This then was selected as the new cross-over to satisfy both 
desires, but, of course. Is reflected in increasing the total number of 
filters. 

In studying what is required to minimize the effect of interfering 
signals on the radar performance, it was found that a large dynamic range 
is desirable in the doppler Amplifier right up to the filter bank. This 
restriction limits the gain which can be used ahead of the filters, and 
hence raises the gain required after each filter. This was found to be 
nearly 90 db of gain in each of 30 filters and, furthermore, each ampli- 
fier must be gain controllable for AGC and must track the others perfectly. 
This was concluded to fee impractical so a filter bonk mechanization was 
devised which uses only 1 amplifier which is time multiplexed between 
the 80 filters, hence getting perfect tracking. The hardware savings is 
small, however , since the switching circuits nearly make up for the am- 
plifiers saved. x 
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1.6.6 gar and Buty Cycle 

fwo factors forced, the HiF*s to be increased over the proposed 
values. First, the dopplex* spread of targets Increased due to the higher 
transmitted frequency, requiring a higher ¥W to prevent ambiguity. 
Secondly, a new type of AGC we# found to be necessary (to be discussed 
subsequently) which requires a clear band of doppler in which no targpt 
si goals can appear. This requires raising the PH? even further. At the 
seme time, it is desirable to select the PHF ratio so that bad eclipses 
are avoided, and to position those that remain to fall at ranges where 
the gain, range, and available time are not worst. As a result of such 
a study, the PBF's were selected as 7*42 KC and 6,j£> KC, which satisfies 


The effect of transmitter duty cycle was also considered and it 
was found desirable to amice the transmit pulse and receiver bang snuffer 
pulse duration equal. Because of a small dead time due to the ringing 
of the receiver RF Interference filter, this turns out to be a trans- 
mitter duty cycle of about 0.46 rather than l/S. 

1.6.7 Signal/Hoise 

Because the antenna configuration is not ccmpietely firs at this 
time, rather than calculate the system detection performance for the 
actual antenna, the reverse has been done and the desired antenna pat- 
tern found for an assumed level of performance. Fi©ire 1.4 shows the 
result of these calculations, over the ground coverage contour, to give 
90$ probability of detection (and discrimination) on the worst target 
model with the worst losses. In order to obtain this curve, all of 
the known losses in the signal processing had to be first evaluated, 
such as the scan loss due to the signal moving through the filter bank. 
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signal loss due to the signal falling at the filter hank cross-over 
point, misaligned looks relative to the target available time, etc. 

Also, the eclipsing ms taken into account at each range, as veil as 
the number of look times available. 

Present indications are that the antenna can give at least these 
gains over the entire contour. Hie two regions which are most marginal, 
as expected, ore the maximum cross range comer region of the coverage 
contour, and the maximum range, zero azimuth region. All other regions 
should have considerably better performance sines the antenna gain 
margin will bo greater. 

In the process of calculating the 6/S required for a given per- 
formance, a favorable error was found la the cumulation formulas given 
in the proposal for multiple looks and this was pointed out (and cor- 
rected) to the customer in an informal memo in February, 196^* Curves 
have been prepared for the per look and multiple look probabilities 
versus S/H for various conditions of eclipsing, and for various points 
on the filter bank filter response for the new system parameters. 

1.6.8 System Mechanization 

A number of mechanization trade-offs were considered which in- 
fluence system performance independently of the hardware design. 

Several areas were found to give inadequate system performance and 
were subsequently modified accordingly. One of these was the AGC system, 
which was originally conceived as regelating the signal-plus-noise ahead 
of the filter bank, as past systems have done. Hils was concluded to be 
unacceptable in this system since strong false targets, as are likely to 
be present, can easily capture the AGC and submerge the desired targets. 


! 
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Also, this arrauigement is susceptible to interference pulses, causing 
coloration of the noise going into the filter bank. A new type of AGO 
system ms devised, which operates on an out-of-band frequency region 
to prevent target suppression. 3y applying the AGC after the filter 
teak, coloration of the interference is prevented solving, that problem 
too. Ihe detection threshold was improved also by generating it trm 
integrated noise, thereby cancelling component drifts. 

Hie new AGC also eased the clutter filter requirements since 
clutter does not need to be completely rejected in the third IF any- 
more as it cannot affect the new AGC. 3he wider dynamic range ahead 
of the filter bank to minimize interference problems also eased the 
clutter filter requirements, since again the clutter teed not be com- 
pletely rejected. Both these effects combined make the clutter filter 
no longer a critical item. 

Besides the new AGC, a new angle measurement mechanization has 
also been found to be desirable. Sic customer has stressed the need 
for reliable angle indication, since it apparently plays a crucial part 
of the alarm. As a result, the original mechanization has been modified 
to give a more reliable indication. Tsxe problem with the original is 
that ft strong target can give both a "right” and "left" Indication even 
though it is clearly left or right, by exceeding the threshold in both 
channels. A very single modification has been made which now makes m 
amplitude comparison on a filter-by-filter basis each look, using a 
differential threshold. Ihis will inhibit the wrong channel on strong 
targets, while still giving a “both" indication when the signals arc 
approximately equal. (At the customer's request, only two indicator 
limits will be used rather than three, since "right* and "left” being 


Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7 


Approved For Release 2001 



lit simultaneously cam show "middle" adequately.) Performance of the 
improved angle measurement was calculated and found to he quite satis- 
factory, requiring about 3-4 db signal amplitude differential to oper- 
ate. 

1.6,9 Miscellaneous Analyses 

A number of analyses were made to select the more detailed system 
parameters. For example, one covered the choice of IF frequencies and 
local oscillator frequencies for the receiver. Spurious signals can 
be very serious in a doppler radar unless very careful selection is 
made of the various frequencies. For example, each frequency must be 
chosen to avoid interaodulatlon products of all orders from falling in 
the pass bands and to avoid even very high harmonies of the radar FW*a* 
Such has been done and spurious frequencies should not be a problem. 

Also, an analysis was made of the sigaal, clutter, and noise 
levels throughout the system since these influence the gain distribution 
and dynamic range desirable in the various bandwidth amplifiers. 

The exact frequencies of Jaaowa radio source* in the world in the 
band of interest were consulted in unclassified literature and exact 
transmitted frequencies selected so as to beet cover the total system 
bandwidth while falling between the interference sources. A total of 
7 frequencies were chosen as being adequate, an odd number being desira- 
ble for sequencing purposes. 

A basically different type of "filter bank" mechanisation was 
studied which appears to have some potential advantages in performance. 
This mechanization would use a maptetic tape recorder to record the 
doppler signals with a high speed read-head and a single multiplexed 
filter. A single filter would be adequate due to the time speed-up 
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of the read-head relative to -write. Very steep and narrow filters 
could be easily isplemanted with this arrangement. Tape recorder 
suppliers were contacted and all agreed on feasibility , but none could 
deliver in the required time schedule* therefore, the idea was dropped 
in preference to the original passive filter bank mechanisation. 

An analysis of the allowable frequency drift m each of the 
crystal oscillators in the system was made and in the endeavor, a 
mechanization was devised which coapletely cancels all drift in the 
first two local oscillators. In all coses the drift requirements are 
within the state of the art. 

1.6,10 Clutter Spectrum Considerations 

During the proposal stage, a value of reflection coefficient,^ , 
was used which had been developed by extrapolation of existing data. 

The clutter spectrum was predicted by manipulation of an idealized pat- 
tern incorporating the extrapolated . 

In Section 1.6.3 antenna m in patterns are mentioned which were 
synthesized from known antenna parameters. These same patterns may 
be utilized to calculate the clutter spectrum more precisely than dur- 
ing the proposal phase. This work Is now underway. Preliminary in- 
dications, ugi T*g the extrapolated , are that clutter will be larger 
than predicted. 

However, in the interim, some further data on reflectivity has 
been secured. Figure 1.5 shows a sample of this data. Values of 
are plotted versus frequency. The points above 1 IQac were utilized 
in the proposal phase to predict the circled points at 415 me ia the 
proposal. Later data from studies done by HRL provided the boxed points 
at 426 me. 
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An investigation of backscatter perfonoed by the Stanford 
Research Institute for the Office of Saval Research provided the 
data shown at 32.5 me. If the linear extrapolation shown by the 
connecting lines were used, it would indicate that qr varies between 
-24 and -32 db at f Q . The proposal extrapolation predicted -12 to 
-28 db for the same down-look angles (40° and 10° respectively). Thus 
it appears that rf may be substantially lower than predicted. On the 
other hand, the linear extrapolation is of doubtful value, as evidenced 
by the slope variations seen on the curves. Also, little data was 
found on other types of terrain (Figure 1.5 is data taken over water) 
and ground targets should place more stringent requirements on the 
system. 

In suaraary, new calculations on clutter indicate a higher level 
except that values may have decreased from the assumed. The ground 

<3 

clutter flight test (see Section 1.8) will shortly provide a value of 
rf which will settle the question. Final clutter spectrum levels and 
shape will be calculated as soon as the fligit test data is available. 
1.6.11 Table of Parameters 

Because of the various factors discussed above, may of the radar 
parameters have been changed somewhat since the proposal was submitted 
in order to better optimize performance against the updated threat model. 
Ute present parameters are summarized in Table 1-2. 
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Table 1-2 

Table or Radar Parameter© 


1. Nominal transmitter frequency (f c ) 

2 . dumber of selectable frequencies 

3. Spread of selectable frequencies 

4. Bract transmitter frequencies: 

(l) f 0 - 4.5 me/*, (2) f c - 3.5 *ac/s, 

(3) fo - 1*7 ac/«j (4) f© ** 0*2 mc/s, 

(5) to + 1.6 mc/s, (6) to + 3*5 mc/s, 

(?) fo + 4.5 bc/s 


5. Sequence of W frequencies 

6. Average transmitted power 
7- PHT's 

8 . PHF clock frequency 
9* PHF dividers 

10. Transmitter pulse width 

11. Transmitter duty cycle 

12. Peak transmitted power 

13. Transmitter ON/ OFF ratio 

14. Number of receiver charnels 


242.1 bc/s 
7 

9 sc/s 


1-4-7 “3*6— 2-5 

2 mu 

1} RF #1 - 6,36 
2) PHF #2 « 7*42 KC 

1,424,640 eps 

(1) 7i (2) 32 x 6 

(l) 75*45 usecj (2) 64.25 usee 

(1) 0.480| (2) 0.477 

(l) 4.17 XW; (2) 4.20 m 

125 rib 

2 


15* Receiver amplifier frequencies (clutter edge): 


BP asp 
First IF 
Second IF 
OMrd IF 

l6. Receiver asqlifter bandvidths 

RF amp 
First IF 

Second If, Third IF 


Transmit frequency 
29.112 ac/s 
9T5.36 kc/s 
84.96 kc/s 


5 ffic/s 
5 kc/s 
1.6 kc/s 
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17. 


18 . 

19. 


20 . 


21 . 


22 . 


23 , 


24. 


25 , 


26 . 


27- 

28 . 

29. 

30. 

31. 

32. 
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Staio crystal oscillator frequencies? 

104.2445 mc/»; 104*7445 me/s; 105.6445 se/sj 
106.3945 me/s; 107.2945 me/s; 108.2445 ao/ej 
108.7445 rnc/s 

Second 1,0 crystal oscillator frequency: 


28.13664 mc/s 


Clutter track variable crystal oscillator frequency: 

975.36 kc/s (-) 
clutter edge freq. 


Third 1.0 variable crystal oscillator frequency: 

890.4 kc/s {+) 
filter bank sweep 

Clutter track crystal oscillator frequency. 975*36 kc/s 


bocal oscillator frequencies: 

First L0 
Second L0 
Third L0 


Transmit frequency (-) 29.111 rac/e 

28.13664 me/s 
890.4 kc/s (+) 
filter bank sweep 


Receiver amplifier gain: 


RF «usp 15 db 

First IF O db 

Second IF 40 db 

Third IF 70 db 

Receiver internal noise figure 3 db 

o 

System noise temperature (at antenna terminals) 1,000 K 

Receiver sensitivity - 156 dim 

Maximum clutter/noise spectral density into receiver * 70 dbm 

Maximum Otf interference into receiver (3 me spacing) - 32 dixa 

ifeximua input for 1 usee receiver recovery - 7 db® 

Maximum intenaodulation products Equal to noise in 17 cps 

Bang snuffer on-to-off ratio (2 stages) 50 db 

Sloughing snuffer; 

Leading and trailing edge shape (sine) per stage 

Rise or fall time 4.2 usee 
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33* 

34 . 


35* 

36. 

3?. 

3&« 


39* 

40. 


41. 


42. 

43* 

44. 

45. 


46. 


47. 

48. 


L.W 


MO dynamic rang© (2nd and 3**d IF) 


70 db 


Clutter track oscillator frequency offset control range; 

linear 400-1,600 cps 

Ground Test 0-1,600 cps 


Clutter track oscillator stability and linearity; 

+ 10 cps over range 

Uuaber of filter banks 2 


number of filters per filter bank 

Filter bank bandwidth; 

Cross-over 
- 3 db 
Hoise 

fJuiftber of poles per filter 
Total filter bank coverage 


4© 

*» 

14 cps 
16.2 cps 
17 cps 

3 (Butterwortb) 

560 cps 


Filter bank spacing from clutter edge (at sweep start) 100 ops 
Filter bank sweep excursion 81 cps/0.34 sec 


Post detection integration time 

Post detection integration samples (Bfereum* s N) 


Receiver blanked time between looks; 


PBF settle and AGO settle 
AGO settle only 

Total time per look; 

No detection on previous look 
Detection on previous look 

False alarm number (Marcum’s S) 

False alarm time (average); 

Per look (noise only) 

Verified detection (noise only, two looks) 
Verified detection (noise plus false target, 
two looks) 


0.29 sec 
5 

m 

0.1 sec 
0.05 sec 


0.39 sec 
O.34 sec 


15 minutes 
lG'years 
75 minutes 
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49* Saaber of looks retired for detection: 

True target only, at £0$ - 5G$ eclipse 2 

True target only, at 0$ - 100$ eclipse 2-3 

False target at 0$ - 100$ eclipse, plus true target 2-4 

False target at 50$ - 50$ eclipse, plus true target 2-5 

50. Bank multiplex scan rat® 6.36 kc/e 

51. Himber of samples scanned 84 

52. Scanning sequence rate 75 *7 cps 

53. Humber of sequences per integration time 22 

54* Filter bank instantaneous dynamic ranges 

Filter bank driver 40 db 

Filter bank aultiplex amplifier 20 db 

55 « Bandwidth of AGC filter 5&Q cps 

56 . AGO range of filter bank multiplex amplifier 10 to - 30 db 

57 * lfexl«na number of filters exceeding threshold: 

Strong true target 3 

Strong false target 10 

58* True target look-to-look filter - centroid acceptable 

movement + 3-1/2 to + 7 - 1/2 

59 * False target look-to-look filter - centroid 

rejection movement - 3 to ♦ 3 

60. Multiple target filter - centroid acceptable 


movement for inhibit - 1-1/2 to ♦ 1-1/2 

61. Angle quantizing Right, left, both 

62. Alarm indication Right ligst, left li£*t, audio tone 


63 . Alarm duration 3® seconds 

64. Navigation input data: 


Quantisation 
Maximum range 
Data rate 


1 knot 
4,096 knots 
1 sample/second 
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65. Power supply voltages and currents 
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♦ 42 V ® 0.8% amps approx. 
+ 22 V ® 1.72 aegis approx 
+ 12 V ® 0.91 an^ps approx 
+ 6 V @ 2.%9 sops approx, 
+ 6 V § 4.00 sag?® approx, 

- 14 V # 1.93 aegis approx, 

- 22 V % O.83 saps approx, 

- 28 V <® 4*50 saps approx, 


66. Antenna aximuth beauawidth: 


Ifcaasmlt 

Receive 

6?* Antenna elevation beaawidth: 

Transmit 

Receive 

68. Azimuth team pointing angle: 

Transmit 

Receive 




each of two 


21.5° 

21.5° 


4 * 


0° 

20 ° 


69. Elevation beam pointing angle (from antenna axis): 

Transmit 

Receive 

70. Antenna peak gain (at pointing angles): 

Transmit 

Receive 


” 34; 
- 34 


11 db 
14 db 


71, Antenna W bandwidth (- 1/2 db) 


*9®e/s 


72. number of rows of elements in antenna 


2 


73* Total number of antenna elements 


2 x I? 
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1.7 SYSTEM COHFIGUEATIOM 

The system will bo installed in the vehicle as three assemblies. 

The electronics will he in the rigvfc side equipment boat between stations 
479 and 565. If the problems created by full wave-length spacing can 
be resolved, the two antennas will be in the wiring troughs on each 
side of the vehicle between stations 479 and 720. Interconnections 
between the right and left side will be made throw# the wheel well. 

Since the transmitting antenna and the electronics will require a one 
inch disaster interconnecting coaxial cable to handle the hi# power, 
the transmitting antenna will be on the ri#t aids to limit the length 
of the 1" diameter cable that is required. The left side antenna serving 
as receive only, with no high power requirement, will require a smaller 
diameter interconnecting cable. 

1.7.1 Antenna 

The antenna installation will consist of a rectangular sheet of 
dielectric material approximately 21 feet long by 11 inches wide. This 
sheet will replace the trough covers and be made the thickness required to 
satisfy structural requirements. On the sheet will be a series of '’boxes” 
7 inches wide x 14 inches long and 2 inches deep. These "boxes” will be 
spaced on 15 inch centers and when installed will insert between station 
frames. The 2 inch height of the box will enable it to stay below the 
top of the station frame members. 

The boxes will be connected in series by coax cable through con- 
nections at the sides of the box. The duplexer and, coax connections 
to the boxes will be limited to 1 Inch in hei#t and increase the overall 
width of the box to approximately 9 inches. It is anticipated that this 


£ 


i if 
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approach will permit the box interconnection cable# to go under the 
frames which are recessed, 1*10 inches in the trough area. This will 
allow the entire assembly and disassembly of each antenna in one piece. 
1.7*2 Radar Electronics 

The radar electronics will be installed In the box structure sup- 
plied by the user along with the RF parts of the right side direction 
finding (d.f.) antennas and the cooling system. The box will then be 
installed through a hinged door and hard mounted to the airframe. 

Hie d.f. RF parts and the cooling system will be hard mounted to 
the inside of the box, however, there will be thermal insulation inserted 
at each mounting point. 

Except for the filter box, the entire active radar will be vibra- 
tion isolated from the box. In fact, the transmitter-receiver unit will 
have dual isolation from the box. 

Hie radar electronics will consist of five separate chassis that 
will assemble throu#i the box cover onto the vibration isolation system 
using standard military electronic equipment damps ( NAS-573). These 
fasteners will permit the assembly and disassembly of the radar electronics 
without the use of tools of any hind. 

The five chassis are the power supply, transmitter-receiver, 
clutter tracker, filter bank and the data processor. A list of the 
wei£it volume and power dissipation is shown in Table 1-3. 
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TABLE 1-3 


system 


iagg 

'vlTOET-LBS. 

VOLUME FT 3 

PWH.DISS,-WMTB 

Power Supply 

64 

1.6 

360 

Trans-Receiver 

89 

2.2 

0087 

Clutter Tracker 

18 

0.4 

55 

Filter Basic 

10 

0.4 

4> 

Data Processor 

13 

0.5 

70 

Frame A Interconnections 35 

1*3 

m 

Total 

229 Lb* 

6,4 Ft, 3 

2&Zf Watts 


Approved For Release 2001/08/28 



s f L, c 

>' \ li IlfM 

CIA-RDP67B00657R000200260001 -7 


Approved For Release 2001/08/28 : CIA-RDP67B00657R000200260001-7 


I.T .3 Pooling System 

pj*eli»irsary analysts of the cooling system Indicates that up to 


seven fans and heat exchanger units will he installed in the upper 


bask triangle portion of the box. As of now it is intended to use 
the 1 gpa pump, reservoir, filter and heat exchanger units that are 
presently used, in the other system using the box. It is intended 
that approximately 2b00 watts of the 2627 total shown in liable 1-3 
will be cooled by the liquid directly. The fan-beat exchanger units 
’•rill be used to eliminate the remaining power dissipation, environmental 


and cooling system load. 

The OS- 25 cooling fluid will enter the rear of the box through a 
self- sealing connection, pass through the filter and go in parallel 
through the fan-heat exchanger units. The fluid will then pass through 


the power supply chassis to cool the high voltage components and the 
low voltage regulator power transistor a. From the power supply the 
fluid will go to the transmitter-receiver to cool the limiter, power 
tube and duplexer. From the transmitter-receiver the fluid will be 
pumped out of the box through another self- sealing connector. 

Calculations indicate the fluid will have a 60°F temperature rise 
in the box and assuming a 95°F inlet tasaperature will result In & 

155 °F outlet temperature during radar operation. 
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1.8 cxajttbr aw test program 

1.8.1 Purpose 

'to detemin© the radar loflectivity of various typo© of terrain 
In the 200 me. region. The terrain to be evaluated includes fist 
land , two aspects of a city, e bay, forest and mountains. 

1.8 . 2 C-eaeral Description 

In the initial planning, the company's DC-3 was to be utilised 
for the flight program. As this aircraft was sold before the tests, 
a Beeeheraft of the Queemir type was .modified for the flights. 

These modifications included structural additions to mount a vertically 
polarised antenna on- the right side of the aircraft and to mount the 
transmitter, receiver, display and recording instruments within the 
aircraft* 

A Havy type sk radar transmitter was used. To physically fit 
in the aircraft it was cut into two parts and rewired. The Vitro 
model 1306 receiver was also modified to remove all coupling time 
constants. 

A mock-up of the antenna reflector portion of the aircraft ’ a 
surface way made to facilitate the measurement of the antenna pattern 
and gain on the rmtema range. Mis aircraft structure and equipment 
modification© ere completed and the system is in operating condition. 

The first data flight has been, made with the radar equipment 
operating satisfactory. This data plus that from additions! test 
flights will be processed to determine a median value of reflection 
coefficient for each type of terrain, if possible, the results will 
be compared to results of similar teats run at other frequencies by 
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the Wave! Research Lab (JUSL) and Stanford Research Institute. 
Ackrowledgpent mat be mete of the Ideas and techniques derived 
from URL and SRI project reports and particularly froo a visit with 
Mr. j*. tf. Guinard of URL. 

1.8.3* Equipment 

Beechers ft Queer® lr aircraft 
Havy type 8K radar transmitter 
Vitro receiver model lyOfi 

Measurement a Corporation signal generator model 80 
F;uasy load - Bird model 8SA 

Airborne Instruments Lab power oscillator type 651 

Termalin© wattmeter model fill 

Tektronix oscilloscope type 5^5 

Blue band duplexer for type SK radar 

Vertically polarized side looking antenna 

Camera 

1.8.4. Procedures 

"be procedures used In operating and calibrating the system and 
ma storing and processing the data will be described briefly here in 
toms of the conduct of a typical flight. The specific procedures may 
be oonveniemtly divided into three groups: preflight chehka c® the 
ground, calibrations and iseasuremnts during the flight, and post 
flight data processing. 

Luring the initial calibration of the system on the ground, the 
transmitter ,1s tuned to operate on the assigned frequency of 219 me. 
and the pulse length and peak radiated power are accurately determined. 
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For initial calibration, the system is connected as indicated in figure 
1.6. The duplexer is terminated with the duray load and the liai ter 
switch. Hie transmitter and duplex© r are then timed to 219 me. 

To calibrate the peak power output and accurately determine the 
pulse length, the system is connected aa indicated in figure 1,7, 

The duplexer ia detuned and utilised ©0 an uneallbrated directional 
coupler, The type 651 oscillator ia set to operate in a CW mode and 
the oscillator coupling adjusted to give a 10 watt output. The trans- 
mitter output is then measured by comparison to the calibrated 10 watt 
signal through use of the variable attenuator, and the exact pulse 
duration determined on the detected pulse on the oscilloscope. If 
possible, the return from a stationary target will be maximized by 
tuning the duplexes with the antenna connected to the system as shown 
in figure 1,6, This completes the preflight calibrations and measure- 
ments. 

In flight, the receiver will be. tuned to the transmitter frequency, 
end the receiver gain will be adjusted so that 95‘£ of the returns fall 
on the face of the scope. Roughly 2kO picture f raises of data will be 
taken for each type of terrain. Immediately after recording the data, 
the receiver gain will be calibrated at four signal levels provided 
by a CW algae! generator. The calibration will be recorded on film 
«nd the signal level out of the signal generator will be lo&_?d. Ms 
completes the in-flight calibrations and measurements. 

Data processing will begin after the flight films have been de- 
veloped. Individual frames will be projected upon a screen or blank 
wall for manual measurement. Vertical displacements will bo measured 
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at horizontal displacements corresponding to time daisy & calculated, 
to correspond, to selected slant ranges which in turn oorroap-ond to the 
desired downlook angles. The cellbx’ation data will than he used to 


convert the measured displacements is distance units to voltages. 

The median voltage return for each downlook angle will he determined 

for each run. The expected downlook angular coverage is roughly 10° 

to 60°. The median value is used instead of the average at the 

suggestion of ffiAL* Finally, Use median voltage returns will he used 

to compute , the radar area par unit of horizontal area of terrain, 
o 

according to the BBL formal® 

O PrI**) 3 nV T G 2 2 A 
where Po received power 

H ween range to target area 

I* transmitted (peak) power 

0 antenna gain 

wavelength 


A approximate horizontal area fx-om which all observed con- 


tr ibutiona to the echo came. P will be- calculated directly from the 
median voltage return. H will fee obtained directly frees the time de- 


lay of the return. P„ and will be Ritas eared directly in the preflight 
calibrations. G ha® been measured using the radar antenna and a mock- 


up of the aircraft on an antenna range* In calculating A, on equival- 
ent rectangular beam pattern will be used having a uniform, two way 


power pattern equal in azimuth to the measured two way 3 dfe beam 
pattern and determined in elevation by the transmitted pulse width. 
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2, ACTXVS 3BBSI3TEH J-aSCHABIZATIOM AKO USTS8HA.T10M 

2.1 ra^KMUXATlOl:! AW) SEfflMQE OF OPBHATIOK 

?he design of the aciive radar system Is progressing along the 
lines originally sot forth in the proposal* briefly, the principle® 
e?:;ployod are as follows: 

k stable EF .frequency is transmitted from on© antenna whinh covers 
the te rraiii of interest ahead of the vehicle ground clutter and re- 
turn© fmm fixed velocity and accelerating targets are received on- two 
interns as, relative signal strength being a function of their coverage 
on each side of the vehicle, two receiving charnels are used, one for 
left and one for right coverage* All returns not doppler shifted by a 
velocity greater than the vehicle velocity will appear in the receiver 
as part of the clutter return* On each receiver there is & fixed fre- 
quency single side clutter reject filter which will attenuate this 
clutter about SO db. 

Two techniques -are available to- keep the clutter positioned in 
this filter. first there is available the vehicle velocity# therefore, 
the transmitted frequency may be adjusted in direct proportions to- this 
velocity to insure the unwanted • Soppier return falling within the reject 
band of the clutter filter. Although this is an open-loop technique it 
is the on© most often employed, and has received mot of the design at- 
tention to date. 

In addition, clutter' stay be close-loop tr icked by periodically 
shifting mm of the clutter beyond the filter reject region to develop 
enough error voltage to por?sit close edge tracking of the clutter re- 
ject skirt. 
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IMs second technique w il l receive acre design attention in the coning 


months , 

,;mj radar echo received which has a velocity cor<f»n«nt toward the 
approaching vehicle will be dopplor shifted in excess of the clutter 
aoppler and therefore will continue past the clutter reject fitter to 
the filter bank. Both fixed,. velocity and accelerating targets are de~ 
tooted. However, only targets accelerating a critical ®»unt will ad- 
vance through the filter bank causing a second detection in $ liters 
displaced 3jt to % filter widths higher in frequency then their loca- 
tion on tire first detection. The entire data processing hardware is 
devoted to determining tills critical displaociaent for alternate !l looks '• 
.?©,d c ansing a display of right or left alarra sonei ^raiweit with; pro- 
cessing all data to reject all other raddr echos not so shifted, in 


dopplor frequency. 


2.1.1 Present^stmJ^hd^ a t ion 

To better illustrate the areas of change between the proposed sad 
present block diagrams, both are shown in Figures 2.1 and 2.2. In the 
current block: dt agrasss note the following areas of changes 


(a) Clutter rejection require® that the clutter ttopplar frequency 
he .-dbtefl with a variable frequency to position the clutter In the fixed 
frequency filter. This tracking raay be achieved by varying the W fre- 
quency, a® proposed, or the HP as previously described, for the curren. t 


design. Kither technique is satisfactory, 

(b) the clutter track loop is closed after the third IF (tracking 
the edge of the clutter filter) instead of through one of the filters in 
the filter bark because the s.rwfcootlting reduces the duty cycle of the 
error voltage present in the filter bank, where as the clutter frequency 
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is tmdlstarbed at the reject filter. 

(c) Hie t ran® litter on-off time 1® cietemined by gating the 
atalo Instead of the RF amplifier, thereby eleainating high voltage, 
high power, grid rroUulation In the final zyiplixler. 

( 4 ) Tm IF frequencies were changed to keep FRF harmonica out 

of the paaeband. 

(s) the level of jatffisdng interference is determined by monitor- 
ing the- third IF AGO which in turn is used to control the fre- 

quency diversity operation, as discussed in a following paragr^pto* 

(f) Mi amplitude eoapariaon circuit has been added to prevent two 
channel alaras for large signals in the following manor. 

The data processor scans each filter bank to determine a left or 
right aslwith target. If the target echo were large enough to be de- 
tected In. both channels the proposed data, processor would have imde m 
choice between left or right alaro. Therefore, the filter bank seaar- 
nln#: has been re-designed to inhibit the alarm from the weaker channel. 
Figure 2.3 aceorf 5 ard.es the following description of this circuit. 

laeh filter in the bank is ncn-destruetively seamed twice during 
the > ictector-intef.rator read out time. Souring the first eem of all 
40 filters the £>K gate i« present end. each filter in the left bank is 
colored in -ysplituac with the corresponding filter irt the right, this 
riltcr— by— filter comparison results in a signal output pulse only if the 
left bank. amplitude exceeds the right. Both banks are scanned simul- 
taneously a second tits® only now a signal out pit pula# is sent to the 
centroid locator only if right bank amplitude succeeds left. 
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2.1.2 diversity ana 4m „ MsMlE E 

Before b@gl raiing a discuss ton of the system tiratrsg and sequence 
u f operation It my be well to point out on© area where present design 
does depart from the proposal. 

♦Ilia proposal states, “‘*® jam or interference 1© detected a search 
for a clear channel is mde fay the selector. If no clear one is found 
the selector has wmmry which picks the frequency which gave the lowest 
level of interference. Subsequently, a new search i® raade periodically 
say once a minute, until, a clear channel is found”. Jfe# following: tocfe** 
nique is now believed to be superior, and has been Included in the 
present design. 

Seven transmit f requeue ics , each shifted about on® -aeg ucyc, le , are 
available. The system will treassit on on® frequency said FRF for one 
.filter bank integration tin®, then stove to the next frequency and 
for the next integration tire. It will continue to ©witch oetween two 
PfiF*s sat it alternately sasples each available RF frequency. l?hm the 
clearest channel is located the system will romin at that frequency but 
will alternately continue searching for a clear charnel. Rote that when 
a «hit* (radar echo detected in the filter bank) occurs the system holds 
the ease ffi and P£F for the next look period. Figures 2.4 and 2.5 Illus- 
trate this sequence. Only five frequencies are shown instead of ©evens 
and the events are explained in greater detail in the following paragraph. 

2.1.3 Sequence of Operatioji 

The previous section with Figures 2* 4 and 2.5 has explained the 
sequence of operation as a function of jam and target detection. This 
section will provide additional detail. Figure 2.6 will be needed to 
follow each step. 


^T'h ■''*> ~ *1 ** 
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Two hundred md ninety rdlliseeonds are provided for the radar 
echo to b® separated in the filter bank, detected and integrated, 
sfter this the filter bank is scanned. If no bit occurs the RP and mt 
are switched and 50 millisecond® -are permitted for systera transient® to 
settle e>efora the AGO adjust period begins. 

If on& detector-integrator has a charge above the threshold level 
a ia recorded inhibiting E? and FRP switching. After the AGO 

voltage has adjusted the data processor samples its present value to 
conspire it Casing 12 step quantisation) with th© AGG value in 'the next 
period. 


1 'rn 


Y | 
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...F . CIRCUITS 

The transmitter specifications and configurations have 
changed to meet system specifications and to reduce size 
and weight. The original and present general specifications 


at*® listed below : 


Table 2-1 

Transmitter Parameters 


Original 
200 isc 
20 me r 3 db 


present 
24a. 1. me 


10 me Hr 2 db 


1 kw 


2 kw 


•oeak 


duty cycle 
sidebands 


• 0.5 


4.2 kw 


£* 0.48 


85 db below carrier at 100 cps 


Figure 2-7 shows a block diagram of the present trans- 
mitter configuration. It is planned to place all of these 
units on a doubly mechanical isolated platform because many 
of the units will marginally meet the spurious sideband 
requirements if subjected to the fundamental structure 
vibrations . 

The fundamentally difficult areas were investigated 
first , These are : 

1. 30 me crystal oscillator (vibration) 

2. Transmitter basic oscillator (vibration) 

3 Transmitter solid state amplifier (overall design) 

4. Final amplifier (overall design & vibration) 

5, Duple xer (high average power Ss signal purity) 


Approved For Release 2004/0^/28 : CIA4RDP67B00657R000200260001 -7 


Li CJ P-a » i j isi 





i 


€ 

L 

CT7 

<$ 

(3 

si 

O 

o 

<U 

4 - 

T" 

0 - 

£ 

t/i 

s 

<3 

£ 


O 

i 

C\i 

u 

5 

cr-7 

Ll 


* 








Approved For Release 200Q#PIMll|;DP|tli3|gf||QQQl#i260001-7 

vilvImL nmwunu 

6. High power limiter 

7 * High voltage power supply 

Items 1 , 2 and 3 being solid state, these units were 
under taken by personnel skilled in solid state techniques. 
k general review of the specifications and their relation- 
ship to previously known techniques was under taken as a 
study effort. 

Items 4, 5 and 6 were reviewed and tentative specifi- 
cations written. 

Item 7 was reviewed with the possibility of reducing 
weight and size. 

Other units on the block diagram were reviewed and 
found to be off the shelf items with only a few modifications 
necessary* 

2,2,1 Crystal Oscillator Stability (Items 1 3s 2) 

“lie question of short-term stability, in the form of FM 
sidebands. Is of prime importance in this project. The 
Initial requirement is that FM sidebands should be 85 db down 
at a vibration frequency of 100 cps or greater. 

The oscillators selected are of the Fierce type, using 
2M91o transistors in the grounded -emitter configuration with 
feedback taken f ran the collector to the base . 

It- has been shewn that all fundamental types of 
oscillators have the same stability, and that this stability 
depends primarily on the Q of the resonator and on its 
physical stability. The resonator used in this case are 
quartz AT -cut crystals, packaged in rugged iced cans. Two 
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crystal packages ware evaluated , both developed by Box 1 

1 

Telephone 'Laboratories for satellite use. 

Th® test arrangement used to measure the FM sidebands 
is shown on figure 2 - 3 . Two oscillators of identical design 
ara fed into a diode mixer and the output fed to an amplifier 
with a 1 me c-t-of f frequency, thereby eliminating the high- 


frequency mixing products. The 180 kc difference— frequency 
signal goes Into the second l,f, input of the LF8 Stalo 
Tester, and its output is inspected In 7 -cycle strips by 
the HP 302 wave analyzer. The output of the Stalo Tester 


had been previously calibrated for conversion of volts to 
!?$ deviation. The FM sidebands are then given by the formula: 


(sideband In db) «* 20 log-^Q 


A f 


o 


where: <&f » FM deviation as measured on wave analyzer 

f « frequency of disturbance (vibration or ripple) 

o 

MOTS: In the case of the noise level A f v?as multiplied by 
,707 assuming the eqvl-partition of noise. 

The oscillators were subjected to two kinds of stresses! 
vibration and voltage supply variation. In the case of 
vibration, the crystal packages by themselves ware cemented 
down to a small Calidyne shaker (2 1/2" diameter) and connected 
by short leads to the rest of. the oscillator strapped to the 
bench above it. In the case of the crystal packaged in a TO- 5 

Header frosts Monitor Products, no FM sidebands were found even 

1. w. J, Spencer and Vf. L. Smith, "Precision Quartz Crystal 

Controlled Oscillator for Severe Environmental Conditions , 
Proceedings of the 16th Annual Symposium on Frequency 
Control , pp 405-421 * April 1962 , 
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though it waa vibrated at levels as high as 10 g’s in the 
range from 100 ops to 2 kc, (i.e, any sidebands that might 
arise were limited by the noise level of the measuring system* 

On the other hand, a simple interchange of crystals showed 
that sidebands could be easily obtained from the physically 
larger Bliley crystal at 1 and 2 g*s. Thus apparently if 
the small crystal in the T0~5 car. is used, packaging problems 
will toe considerably reduced . Results of the vibration tests 
are shown on figure 2-9. 

To introduce ripple into the voltage supply of the 
oscillator, a filament transformer was inserted in the line 
and a low frequency sine wave generator connected to the opposite 
winding. The results for this test are shown on figure 2-10. 

The ripple amplitudes at which PM sidebands become und let in - 
guiahable from noise level have been indicated at several 
points on the noise -level curve. 

2.2.2 Solid State Power Amplifi er {Item 3 ) 

In the initial design phase of the transmitter attempts 
were made to purchase a solid-state power amplifier capable 
of supplying 8 to 10 watts of HP output power in the frequency 
rang© of interest. However, due to the security requirements 
of the contract, it was not possible to obtain, such a unit 
from the existing supplier. A study was initiated into the 
design and construction of such an amplifier at Hast in.ghou.se, 
Solid-State high power VHF-ttHF amplifier design has been 
investigated at the Surface Division in connection with a 
e msmm le a t i on s transmitter study contract, Discussions with 
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the Surface Division have Indicated that it is possible 
to obtain as much as 35 watts of HP power in a 154 band- 
width by combining the outputs of eight transistors* The 
transistor used was the RCA 2N3375 which has a maximum 
dissipation of 11 ,6 watts at T n »» 25 0 C and is capable of pro- 
ducing a minimum of 3 watts HP output power at 400 me with a 
minimum of 3 db of gain. An amplifier with a minimum of 8 
watts W output will ba constructed using the 2 N 3375 
transistor. This unit is shown In figure 2 - 11 , it consists 
of 4 21/3375 transistors capable of dissipating 7.9 watts at 
a case temperature of 8 o°C. The driver amplifier will have 
a gain of 7 db and produce an output of 2.5 watts which will 
be split equally between 3 rower amplifiers. The splitting 
and summing networks will have an insertion loss of 0.5 db so 
that the final output will be a minimum of 8 watts. 

In addition a study in the areas of efficiency and sisse 
is being made as to the possible use of a ceramic tune Instead 
of the solid-state amplifier. This study will determine the 
configuration of the power amplifier. 

2.2.3 Final RF Amplifier {Item 4) 

m tentative specification was written and submitted to 
eighteen (18) possible vendors. As of August 28 fifteen (15) 
have decided not to respond for various reasons* Two vendors 
have responded with possible solutions but additional study 
and effort will be under taken to solve the problem. Those 
companies which have submitted will be visited in an attempt 
to evaluate their ability to perform the task. 
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The final newer amplifier will consist of two amplifier 
stages within on© package thus minimising the interconnecting 
hardware I.e. cooling* R.f. cables, etc. An analysis of 
vibration effects on coaxial cavities is calcnlatel in section 


2 .2, 3,1, These calculations would Indicate that the problems 
introduced by the vibration level are surmount able . 

The final. R.f amplifier is a difficult task only when, 
the stability and power is designed into a unit of minimum 
mtze and weight with maximum efficiency. 

Work will be initiated to determine the exact values 


of allowable power supply ripple to maintain the spectrum 
purity, 

2.2,3. X Tuned -Line Deform at ion 

In addition to the FM sidebands that can be generated 
at the STALQ carrier oscillator, sidebands could be generated 
anywhere else in the system where reactances are subject to 
one form of modulation or another. It was felt that the tuned - 


line cavities to be used in conjunction with the output 
tetrodes could be a potential source of trouble, and there- 
for the following investigation was attempted. 

Three different types of line deformat ions were investi- 
gated: eccentricity, oblatenea®, and elongation. The FM 
sidebands arising from an oblate deformation (by which the 
cylindrical conductor® are squashed to an elliptical cross- 
section) were found to be much smaller than those induced by 
eccentricity and elongation of the tuned line, and hence will 


not be treated here. 
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The formulas used In the treatment of the eccentric 


deformation were obtained from a solution of Laplace ’ s 

1 

equation In b icy 1 Indr leal coordinates. 


After a lenghty and involved derivation, we find that 
the following formulas apply? 


1_ dC w _ 2 S 

C da ^ 


and 


1 dL 
L is 



wW i i in p 


Where S is the center to center displacement of the two con- 


ductors and r; * the outside radius of the inner conductor and 
Y .* the Inside radius of the outer conductor. 

Before continuing on the subject of deformations, a small 
digression will be made so that some of the results can be 


used later . 


To study the amplitude of the sidebands arising from 

small deformations* a simplified representation of the output 

of a UUP coaxial tube was used . 

In short* we find that the FM sidebands have an amplitude 

of SIDEBAND * I® \W Is the maximum amplitude variation 

gST G is the conductance 

relative to the carrier. 

B In our case is composed of the output capacitive 
auseeptance of the tetrode together with the inductive 
suseeptance introduced by the tuned line to cancel tube 
capacitance . 

1, See P* Moon and D. E, Spencer* ‘'Field Theory for Engineers" 

D. Van Nostrand Co. Inc., Princeton, New Jersey 1961 . 
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As an example, we shall consider an eccentric 
deformation. If/^x ^ 1.3 radians, then 3^ x ^ ^ 6, 

and after several substitutions we find that 

i6x d- r — 

The results for eccentric deformat i on are plotted in 



figure 2 “12. 

To investigate line elongation, by using 


.r$> * 

i!x~ 


1 


i 


d* 


since 


\"Z.v\-=. Y g k 1?tJ ^ ^ /3 




/ 3 ; 


Therefore . 


d{3= 


<3 


cK 


as 

Using this formula, the sideband amplitudes were computed 

and slotted on figure 2-13 for several values of the parameter 

/3k . Notice that in this graph WHO. If G were let 

_ii 

equal to 10 WHO, the side lobes would be 20 db higher. 

2,2. H Puplexer (Item 5) 

Duplexers of this power level have been built with solid 
state switches but not specifically at this frequency. It is 
most desirable to use solid state switches because of their 


reliability, low weight and small transmission losses, 

A tentative specification was written on the duplexer 
and submitted to eight probable vendors. Of these, four sub- 
mitted proposals to Westing house with detailed drawings. 
Additional evaluation will be made of each vendor and a final 


detailed specification written in cooperation with the selected 
vendor . 
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The duplexer will have less than 0.15 db loss In the 
transmit mode. This would indicate a relative low power 
loss thus eliminating heat sinks, liquid and/or air cooling 
and the many inherent related complications. Also the 
d-plexer will be self -gated, eliminating the need for a 
video modulator . 

Art additional low level gated switch will bo inserted 
between the duplexer and the receiver to provide the required 
isolation to limit the peak R.f . level at the receiver to 0.2 
milliwatts. This unit Is off the shelf except for compatible 
connectors. The above limiter may be incorporated directly 
into the duplexer configuration to eliminate the losses in 
interconnecting cables * 

2.2.5 High Power Limiter (Item 6) 

Because of the proximity of the receive and transmit 
antennas earn 200 watts average will appear in the receive 
antenna during the transmitter "on' 5 interval. A high power 
1 3 miter and /or switch will be inserted in the receive arm. 

This limiter will be self gating and require no coolant. 
The energy will be reflected out the receiver antenna and. will 
cause the receive antenna to appear as a secondary transmit 
antenna. The patterns In the antennas may require additional 
study but this solution would reduce the problem of removing 
some 250 watts of heat from the 1 .traitor. The limited output 
value will be 20 milliwatt. Therefore an additional low 
level gated switch will be incorporated to reduce the level 
at the receiver terminals to 0.2 milliwatts. 
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2.2.6 High Voltage Power Supplies (Item 7) 

A conventional three phase full wav® power supply may 
be used but all of the latest techniques will be used to 
reduce weight, 

This unit may weigh thirty five (35) pounds and have 
300 watts internal loss. Therefore a study is under way to 
reduce the weight. A small percentage gain will save many 
pounds . One direction of study ia explained briefly. 

The three phase primary power would be rectified 
directly using SCR* a (silicon controlled rectifiers) which 
would be operated in a phase controlled configuration. This 
would produce a highly efficient supply as there is no loss- 
producing series or shunt d.c. regulator. The 220 volt out- 
put would be filtered with passive devices and then "chopped " 
at the Radar Pulse Rapltlttoo Frequency. By chopping at the 
P.R.F. the power supply ripple would coincide with the P.R.F, 
spectral lines thus reducing the requirements on the filtering 
at the chopped frequency . 

The P.R.F. is relatively high & 7 .0 K.C and a corres- 
ponding voltage step up transformer will weigh much less than 
its 400 cycle counterpart . This configuration shows promise 
of reducing the weight from 35 pounds to 15 pounds. The 
difficult problem lies in maintaining efficiency as the chopper 
transistors do add considerable loss. 


Westtnghouae has considerable experience in the field of 
high power, solid state, low frequency, a . c , power generation. 
This aspect will be studied and a decision made as to the 
power supply configuration within the next month . 
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2,3*1 Preselector (Figure 2-14} 

2 .3*1 .1 Cross Modulation 

The proposed receiver was mechanized on the basis that 
interfering signals would be smaller than the clutter return. 
Conventional transistorised front-end techniques could have 
been employed to minimize the cross modulation by interfering 
aignala without sacrificing Noise Figure, with Interference 
greater than clutter it is necessary to employ extraordinary 
techniques to meat the requirements, 

A mathematical theory is being developed to predict the 
amplitude of cross -mod ulation products resulting from off- 
hand signals mixing with clutter components and/or with a 
local oscillator. So far this theory reveals that the most 
damaging set of cross products results from even order cross 
modulation* This clearly indicates the use of push-pull 
amplifiers and balanced mixers and gates where Interference 
signal levels would be highest (e„g. First Mixer, Post- 
Amplifier, Snuffer, and First IF Amplifier). Hot carrier 
diodes were selected for the mixer because they have inherently 
good balance. It is then necessary to have a filter ahead of 
the high level stages to reduce the level of the interference 
which would produce odd order cross modulation. This filter 
must also provide some attenuation to the Interference which 
would produce even-order cross modulation since the push- 
pull amplifiers and balanced mixers can be only counted on 
tor a limited amount of common mode distortion suppression. 
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With the transmit frequency at one end of the band , 
significant cross products can be or od need by Interference 
at the other end of the band. Therefore, it is necessary 
to tune the filter. When the interfering CV signal is less 
than -32 dbas cross modulation product should not exceed the 
noise In a floppier bandwidth. Preliminary studies indicate 
that this requirement can be met with a two position tuned 
filter, or with two separate filters as illustrated in 
figure 2-14. The feasibility of making this filter tunable 
is under study, and the mechanization will be changed if at 
all possible. This would save the hardware which presently 
must he duplicated for the high and low channels. The 
filters should provide reasonably constant time delay over 
their oassband to guarantee fast recovery from the various 
frequency transmitter pulses, (see figure 2-1*3). 

Further advantage is taken of the reasonably constant 
time delay by putting l 80 ° phase reversal in one of the 
port amplifiers so that the transmitter leakth.ru pulses will 
tend to cancel out. 

It should be noted that the preamplifier is not as 
sensitive as the above to cross modulation since a large L.O. 
signal is not present, and since the interference and clutter 
are at lower levels. Some filtering is required, but this 
Is provided by the antenna bandwidth. 

2.3.1 .2 In termed ulat Ion 

The Int ©modulation problem is most severe at the mixers, 
since here the signal levels are the highest* Any attempt to 
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linearize the mixers by using feedback results in greater 


conversion loss, which degrades noise figure. This problem 
is made even more severe due to the anticipated broad band- 


width over which the clutter amplitude la maximum. Preliminary 
calculations Indicate that maximum peak clutter levels in one 
-loonier bandwidth result in intermodulation comparable to 
noise . 

If increased clutter levels have to be handled or If 


final calculations reveal problem®, then phase cancellation 
mixers would have to be used, (i.e three double balanced 
mixers spaced at 120°). 

Test methods have been devised to measure the small 
Intermodulation product amplitudes. The measurements require 
20 clh more dynamic range than those performed in. the past. 

A special low noise measurement receiver has been procured 
for these measurements. 

2*3.1 .3 Noise Figur e 

The overall noise figure is to be 3 db and the noise 
figure of the first amplifier stage should be in the area 
of 2.5 db. The transistor selected for the first stage is 
the 2)12857. .Available information indicates that with 
optimum source impedance and collector current this transistor 
may be suitable. An emitter coupled amplifier has been chosen 
because it will have a larger linear dynamic range and thus 
produce smaller interned ulat I on products. A measurement set 
up is being prepared for the purpose of determining the noise 
figure and the optimum source impedance and collector current . 
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If measurements indicate that the 2N2837 will not meet the 
noise figure requirement then the more expensive 11X3016 
can be used. The information on this transistor indicates 
that the 2.5 db noise figure definitely can be obtained. 

It is anticipated that the hot carrier diode balanced 
sixers will have low conversion loss and excess noise ratio 
due to the low knee of the diodes arid the elimination of 
charge storage. Tests are in process to determine the mixer 
performance. L.O. Noise is controlled to keep the degradation 
of noise figure to a minimum . 

After the post -amplifier the noise contributions become 
less significant to the over-all noise figure, and so no 
particular problems are anticipated. 

2.3.2 Second IF C onvertor (Figure 2-16) 

The effect of interfering signals lying very close to 
our paasband would ordinarily be very alight. However, if 
a conventional square Bang -Snuffer Is used, the interfering 
signal spectrum would be spread so that energy is at 
frequencies spaced at multiples of the prf. With large 
interfering signal levels these sidebands would excessively 
degrade system performance. Therefore the Bang-Snuffer is 
designed to have smoothly changing on and off characteristics. 
The ‘'Sloughing Snuffers” keep the sidebands of Interfering 
signals below noise If their edges have a transition shaped 
as a sin'" function, changing from on to off In more than 4 , 2^8 , 
It is necessary to clump the control voltage to a fixed value 
in the Oil or OFF position® so that power supply ripple will not 
modulate signal or leakthru . ; 
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2 . 3.3 Wain IP A mplifier a n d C o nverte r (Figure 2-17) 

The second and third IF now contain an AGO loop. 

It is anticipated that the signal and the clutter dynamic 
ranges would be greater than those anticipated in the 
proposal, and the AGC will enable the receiver to function 
satisfactorily over these ranges. 

The block diagram of figure 2-16 shows that each 
receiver (left and right) has two IF araplif iei’ 3 , one to 
drive the clutter tracker and one to drive the floppier 
filter bank. Although the amplifiers are identical, they 
are separate because it is anticipated that the AGC require- 
ments for the two functions will be different. 

l-rel irelnary studies of this section of the receiver 
showed that 110 db of gain with 20 db of AGC range would toe 
required. Because of the difficulty of controlling the gain 
of higher power amplifiers. It was chosen to control only the 
first stages, leaving the last higher level stages uncontrolled . 
Methods of varying the gain of the low level stages without 
exceeding the intermodulation requirements are under investi- 
gation.. Intermodul ation requirements are not as severe in 
this part of the receiver because the large clutter signals 
are not present. With maximum output the third order inter - 
modulation products should be at least 50 db below the desired 
output signal with the amplifier at full gain, but these pro- 
ducts may increase slowly as gain control Is applied . 

In mechanization of a 70 flb Mwp snuffer” (transient 
gate), a balanced configuration is used to assure that the 
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transient produced by the gate itself will not seriously 
affect the system. 


The AGC loop uses a delay (level threshold) and a time 
sample -memory feature. The "sample-store" function is im- 
plemented by an AGC detector having two different time constants 
which are switched by a “sample -store ' 1 gate pulse which la 
originated in another part of the system. 

Because of the potential size and reliability advantage 
of Integrated circuitry, use of Westlnghouse functional blocks 
is being considered for moat of the functions in this section 
of the receiver. Preliminary circuits have been designed and 
constructed for many of the stages and experiments have 
demonstrated the feasibility of this approach. Detailed design 
is proceeding and a preliminary concept has beers, reached. 


. ... . ^ p 

sm:mt lip 
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2.4 DATA PB0CE3S0B 

The Bata Processor serves as system operation sequencer as well 
as performing specific functional operations. 

2*4.1 dyetea Operation SeouenciruT 

System operation sequencing is shown in flow chart form in Figure 
2-18. All decisions. Indicated by rounded blocks, are executed in the 
data processor. Elapsed titae of operational cycles Is determined by 
blocks Indicated with m asterisk. Mote that processing of threshold 
detections for target recognition proceeds sirriultaneously with scanning 
of the filter basic and does not impose a requirement on cycle tia©» The 
syafcols n and x represent flip flops. 

2.4. 1.1 Data Processor gimctloml Operations 

Functional operations perforated by the Data Processor are described 

wiir: i Or01lc# functional block diagram shown in Figure 2-19. 

2.4. 1.1.1 timing Signal* 

fho Ceiitr,il GlDck Aerator accepts the outfit of a stable crystal, 
controlled oscillator end generates various subharwsnics of the crystal 
frequency through a binary counting process. Various states of the 
counters are decoded for use as timing signals. 

A set of four pulses U sent to the BF subsystem for each W pulse 
transmitted. Either of two repetition rates are selected for this set 
of pulses. ^ of the four pulses at the lower repetition rate is .Oso 
sent to the filter bank to control events during the integration period. 

Another set of pulses synchronise the filter bank interrogator with 
the centre iding register, the data register, and the dais comparators. 

Other clock pulses are provided ia too great profusion to be shown in 
Figure 2-19. 
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2.4. 1.1.2 Selection of Transmitter ?wmenc,v 

Aa indicated in Figure 2-1B, the EF is periodically switched and 
the resulting AQC voltage is cfov-spared with that obtained by use of the 
previously selected. EF. The AGO processor converts the analog AGC 
voltage to digital fora and cotnp&res it with the stored value from the 
previous sample. The RP selector contains two registers which retain 
identities of the currently selected RF and the next to be selected 8F, 
The identity of the currently selected RF is transmitted to the BF sub- 


system on a “one-hot" line basis. The same information is transmitted 


to the Velocity Multiplier Amplifier .gain switches on a "one-hot'* line 
basis. 

2.4.1.1.3 Processing of Threshold Detections 

fiuring, filter bank interrogation periods the cent rolling register 
receives threshold detections and counts the number of such detections 
which are derived from successive filter positions in the filter bank. 
When a mis© occurs after a string of threshold detections* a M 1 H i® set 
into s bit position in one of the data registers which corresponds to 
the value of the count in the centrolding register. The csntroiding 
register is reset to sera and counting will reaurae ifith the neoct thres- 
hold detection. The bits in the data register are shifted in synchron- 
isation with the filter bank scan. Hence, at the end of filter bank in- 
terrogation, the pattern of "l 1 ©" in the data register represents the 
centroiaed values of the strings of threshold detections from the filter 
batik. 


The centroiding register will recycle and set data at a prescribed 
nasdjrwm count if the number of threshold detections in a string exceeds 
the prescribed maximum number . 
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-Operation of the Data Register Selector (BIS) and Hit Detector (HD) 
can be readily understood by assuming that the first threshold detection 
from the filter bank was obtained on the Nth interrogation. On all pre- 
vious cycles, both ?RF and RF were switched each c ycle as - ndicated in 
Figure 2-18. Also, the DRS had selected data register® t (N) and R (M) 
to receive centrcided values each cycle. 

sin the Nth cycle, at least one threshold detection was received and 
the eentnoided valuee(e) stored in L («) or A(M), ihs Hit Detector then, 
causes the BEE to select L (H + 1) and R (Hf + 1) to receive data during 
the next filter bank interrogation. 5i?scsiltaneouely, switching of HF and 
PItF is Inhibited* 4t the end of the (II + l)st cycle, the BS3 revert* to 
selection of L (K) and R (N) for the (M + 2)nd cycle md both FRF md HP 
.tire switched. 

Centre! ting results in quantisation units half as large a® those 
of the noncentroided data, hence the registers L (S) and S (»), which 
store data for on® system cycle, consist® of approxteat ely twice as 
"amy Clip flops as there are filter positions in the filter hank, The 
lengths of L (8 *f 1) and R (N + 1) are detersdaed by data processing 
criteria rather than storage requirements since data processing proceeds 
simultaneously with the (8 + l)et scan of the filter bank. L (M + 1 ) 

•uid R (8 + 1) consist of .‘spproxfeitely one third as jaany flip flops as 
L (M) and S (ll), 

hitch comparator circuit (left and right) consists of a number of 
logic gate® interconnected in such a way as to detect certain prescribed 
bit patterns as the contents of the register L (N) md I (ll + l) /"or 

* ^ & & 1 + D_7 are shifted past. Target detection criteria are 

shown in Figure 2-20, 
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Target Criteria 


A B 

0 X 

1 X 

1 0 

1 0 

1 1 

1 1 


C D 

X X 

0 X 

1 0 

1 1 

1 0 

1 1 


Target 

No 

No 

Yes 

Yes 

Yes 

No* 


* No only if the "1" in D bears a specific relationship to the "1" 
in C. Thus, for a "1" in position z in C the specific relationship 
would be satisfied by a "1" in D only if it were in one of the pos- 
itions indicated by the symbol y. 
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Alarn 

In, the event that either comparator or both detect® a prescribed 
bit pattern, the alarm circuitry will be activated. If both left md 
right alarms are activated m the result of the same filter bank in- 


terrogation both alar® lights will be turned on and an audio tone will 
be generated in the earphones of the crew for a period of 30 seconds. 

If only one alar® ia activated the correeponding light and the audio 
tone will be turned on but the other alarm will be inhibited for the 
30 seconds -duration of the first alarm. 

'the block of Figure 2-19 labeled Harm contain® the 30 second tlnar 
..and the inhibit circuitry. Box & contains the audio signal generator 
and circuitry for conversion of signal level from that of the system to 
that of the vehicle. 

2.4,1. 1.5 Iflpolfer. ^tlplier . AapUf i er . Control ( VmC ) 

?he VMA.G accepts velocity from a doppler navigation equijgaent in 
the form of a 12 bit binary word transmitted in serial with the .most 
significant bit first. Ones and seroes are represented by positive pulses 
ort separate lines. Fbsitive pulses sisaultaneously on both lines ia the 
13th bit position indicate end of transmission. Doth pulse amplitude 
and puls© width are converted to values compatible with system lascfesav- 
isation. 


In addition to the signal conversion circuitry, the VH4C contains 
three 12 bit registers, a 12 bit D/a converter, and some ciiscellaneous 
logic, Gn© 12 bit register receives the converted data from the navi- 
gation «q£tpn«n&» k second 12 bit register holds the digital value for 
conversion. The third 12 bit register serves as an exchange medium 
between the firtt two, navigation data is transferred to Idle exchange 
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register by the «ad of transmission signal. Mew data is entered Into 
the holding register only at time of B.F switching- to order to not put 
transients into the system. The miscellaneous logic assures that both 
transfers do net occur simultaneously. 

2.4*2 i^achardsatlon 

She Data Processor will be mechanised utilising Integrated Circuits 
packaged to fO-5 12 pin cans mounted on double sided printed circuit 
boards, The boards will be special purpose to order to increase the 
packaging density. 

2 * 4 . 2.1 Ktso&sl 

l itcroelectronle -Integrated Circuits (MIC) are utilized wherever 
possible, UTL type MIG blocks were selected and are furnished by West- 
inghouae fSoleeular Electronics Division, the MIG blocks used are 
mWS, WSOQ1T, VM2UT, mZlOT, m&ta. The Cat a f’rocesaor usee approx- 
imately 500 12* pin cane of MIC circuit® to addition to the conventional 
cc-i iwnenta used to the 12-bit D/A converter and the 4-bit A/D converter. 

2. 4. 2. 2 J&&ag3fift 

The Data Processor will, be packaged by utilising ten different types 
of printed circuit boards containing an. averse of 45 cans per board* 
the block diagram, Figure 2-19, is divided into boards a® shown to. Table 

2 - 2 . 

A. dybayater • Design 90/ complete 
1). tog to Design 90/ complete 

0. Layout completed for five (if the ten types of boards 
U» Taping of one board couplet® 

E« dubeyetem test tool designed and being fabricated. 
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F, ill parts ordered for breadboard 

0. 50% of integrated circuit# for breadboard received and tested. 



Table 2-2 



HP Selector, Alarm Circuitry 
bate Hegtsiers 
lata Registers 
lata Processor 

ACC Processor, SF Advance* HP Select, 
Hi? Select 

Central Clock Generator 

Data Register Selector, Hit Detector, 
AGS Process Control 

Controiding Register 

Velocity .Multiplier Amplifier (WA) 

VKA D/A Converter 


p-n— : i" 
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2.3 CLUTTER TRACitflR ABB VIDEO CIRCUITS 

2.5.1 Clutter Tracker _MeehaM ration 

The clutter traci mr raechanl ration Is proceeding substantially as 
planned in the proposal. The only changes of significance are 
i) the digital velocity inform ti ©n~to-aralog voltage for the clutter 
track oscillator . 2) tine clutter truck oscillator. 3) all frequencies 
and b) various gating circuits. In addition, the exact specification 
of the clatter truck audio aasplifier vill not he known until a tetter 
model of the clutter is available as an outgrowth of the flight tests 
in progress. 

2.5.2 Clutter Tracker- Kqyi&ti tor Interface 

In, the proposal, the interface between the external doppier navi- 
gator and the clutter track VCXO ms a stepping motor controlled by 
four wires from the doppier navigator. The stepping motor ms mechani- 
cally connected to a potentiometer which ms supplied with a B.C. 
voltage proportional to the transmitter frequency. Such a mechanization 
produces a B.C. volts®® on the potentiometer aro proportional to true 
doppier to control the clutter track VCXO. 

Subsequently, It has been determined that changes in the velocity 
infaraation from the doppier navigator occur la real titrse; this 
conflicts with the system requirement that oscillator frequencies change 
only in u particular time slot set aside for FRF and frequency changes. 
It is also desirable from a reliability standpoint to have an all 
electronic interface . 

Toe interface has therefore teen changed to a gated digital - 
analog, converter supplied by a 12 bit serial 'velocity word a a described 
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in the data processor section, of this report, The analog voltage is fed 


•to- an operational amplifier, the velocity multiplier,, with feedback 


controlled by the sane lines which select the transmitter oscillator 
frequencies , Thus, the output of the velocity aultiplier is equivalent 
to the voltage at the arm of the potentiometer in the original eeehani ga- 
llon with the important exception that it is now buffered fro.-;! 
uaaynchroni zed changes in velocity data. 

*1.5.3 Velocity Track VCXO 

The fisechanimtton of the velocity track VCXO is the most difficult 
part of the clutter track circuits because of simultaneous require; 'tents 
of linearity over & wide range, stability ... spectral purity, and 
vibration input. The mechani nation in the proposal obtained an output 
around IS? ISC by beating a VCXO and a fixed oscillator In the 1 me 
T&mgs, Revised system requirements have changed the clutter track 
VCXO output to around 975 KC, with the deviation remaining 1.6 KC, 


A number of mechanisations are possible: 


1 . Direct generation 

a . Open loop VCXO at 975 ICC 
h. Frequency track loop 

c . Digital control by selection of capacitors . etc. 

d, Several open loop VCXO's in 975 KC range 


2. Heterodyne generation 

a. VCXO and fixed oscillator la 15-20 me range. 

b . Audio- VCO and fixed oscillator in 975 KC range . 
Detailed specifications for this VCXO have been submitted to several 
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suppliers. It is intended to select one external supplier and carry 
a 'tack-up program at Westlnghouse using a different approach. 

Method 3a appeared to lie the best choice and a 20 me VCXQ ms 
built having the required linearity; however ; with the VCXQ in a 
iitatfa&ia Chamber far te«jperetur* control., the long terra .stability ms 
inadequate* Seats have 'seen discontinued on this os cl 11a tar until & 
choice of external supplier has (.seen made, and the present effort is 
toward perfecting a noise taeasurement technique so that data can be 
obtained on spectral purity (particularly} in the vibration eavlronaent . 
2*5 -4 Velocity Multiplier 

2She velocity viuXtipJUer and au»m-ia£ion amplifiers have been designed 
and preliminary 'tests made, precision resistors have teen ordered 

and. final tests will be riade when the resistors are received, 

2.5*5 3caa VCXQ 

The scan VCXQ specification h&& teen submitted to several suppliers, 
Kiis unit la within the state -of -art and no problesi: is anticipated in 
obtaining it as & purchased part . 

2*5.6 Fixed Oscillator 

The 975*^ KC fixed oscillator aped f. leaden has been submitted to 
several suppliers, and a design has been tested at WestinghO'.ice . Ho 
problem is anticipated; the oscillator will be purchased externally if 
the cast is attractive, 

2*5.7 Mixers 

Preliminary designs exist on the mixers . A balanced transformer is 
to fee selected before breadboards are built. Work on the various filters 
tea been deferred. 




f P?Tf 7 ' PJ!/?riRP 
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ij.p.U Clutter Spectrum 

Som calculations have been made to establish the audio amplifier,, 
track detector and integrator req.oireaie.ita. The tie calculations . based 
on idealized clutter spectrum and the proposed clutter filter response 
shapes did not yield adequate infcamtion to complete the design. Therefore 
when current studies » including flight teats, yield a more accurate 
model of clutter, the design will be resumed. 

2.‘j.9 Gatins Circuits 

The gating circuits for the third IF section of the receiver have 
heen designed and tested.. The hoard containing these circuits is in 
drafting. Gating circuit designs for the front end of the receiver 
arid for the transmitter exist but are expected to change from tisae to 
ti*?*e as the final fora of the receiver and transmitter design evolves . 
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2.6 

2 . 6.1 

2 . 6.1 


LOW VOLTAGE mm SUPPLIES MB SPECIAL TEST BQ,UIH®HT 


Low Voltage Power Supplies 



The basic scheme of low- voltage d-c power distribution as been 
revised. Instead of having the unregulated power supplies In one 


location with Individual voltage regulators located in each unit, all 
of the voltage regulators (with one exception) will be located on the 


saiae pallet as the unregulated sources. This revision was made because 
a total of 6 different voltages will be distributed to the various 


unite over 21 different lines, there being multiple user® of moat of 
the voltages . Thus , with the present arrange.' ent only 6 separate 
regulators are required whereas 21 separate .regulator* would have been 
required, for the original ache 5 -® . 

‘She basic principle that is being followed in the d-c power distri- 
bution system .is that each voltage source will be connected to each 


unit by a separate pair of lines, one of willed will be the ground return. 
These lines will be shielded., twisted pairs with the shield connected 
to the unit chassis ground at one end and to the power supply chassis 
ground at trie other end . Both power supply terminals will he isolated 
from the power supply chassis. The eoaasaa, or ground return, line will 
he firstly grounded at the unit by connection to the chassis ground of 
that unit, This principle is illustrated by the block diagrams , 
figures 2-21 and 2-22. It is believed that this method will reduce 
crosstalk and stray pickup on power lines to a 'negligible level. 

The one exception to the regulator location arrangement is the 
data processing unit . The regulator for this unit will be located 
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within the unit itself , thereby eliminating radiation from power 
lines carrying pulse currents that are typically found in digital 
equipment , 

2.6.1 .a Description and. Charac terlstica 

A completely separate power supply, consisting of a transformer, 
rectifiers , and a regulator has teen designed for the ©ole purpose of 
providing d-c paver for the crystal ovens. Tkm primary &-e input to 
this supply is the a-c line > so that this supply will 'be 

energized whenever the a~c power is present. This will permit over, 
warm-up sufficiently in advance of actual system operation . 

At the present time,, the intention is to use no passive filtering 
between the rectifiers and. the regulator inputs (other than transient 
voltage spike suppressors ) . The voltage regulators designed for 'this 
system have greater tliar 60 do of ripple suppression over the frequency 
mnge of interest . The regulators themselves will therefore be used 
to provide active ripple filtering.. In this manner, Q filter choke 
coils will be eliminated . resulting la a very considerable redaction 
of power supply size and weight. 

regulators will provide better than ±0.<>$ voltage regulation 
over the full range of load currents , t*m»mture, and noraui input 
voltage specified. They will ’be complete ly overload and short-circuit 
.proof , with operation in the overload region between full- load current 
and short-circuit clearly defined as to output current, voltage .. and 
element dissipation for all valvi.es of load resistance down to zero ©has . 
All overloads can be sustained indefinitely with no damage to the result* 
tors . Output voltage recovery alter an overload is completely automatic 
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arid requires approximately 20 milliseconds , Each regulator will be 
designed for a specific value of full load current; any reduction in 
load resistance beyond this point will result in a reduction of both 
load voltage and load current . Consideration lias also been given to 



The basic circuitry to be used in all of the voltage regulators 


exponent layout for the prototype regulator board® is nearly complete, 
One of these prototype boards will be constructed within a week, and 
sore detailed tests of the circuit will be started at that time . 
Information on the low- voltage power supply trunsforser requirements 
is expected to be complete within one week, at which time tbs tmna- 
former designs can be started, 

2,6.2 Special Test Equipment 

A study 1ms begun to determine the detailed system reqaiicfjseats 
of the special test equipment. Ho detailed design work on this 
equipment has been srsad© to date . 


/, t r r " . ' r . F* ~ "■ *T< r -rr-.. n 
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2*7 FiLfiH mms . Mm bitifsogator 

The present concept of the filter hank reflects mme changes 
faros* the orijfitially proposed system. These changes have resulted 
after ..further studies of system, requirements* 2ork is current ly 
progrossing in the design phase as well as laboratory investigation 
of special techniques in the planned sjeehanisation. Different pisck- 
aglng philosophies are being evaluated to arrive at the best mahm* 
iesl configuration. Ajppeocimtely 8Q!$ of the signals at the filter 
bank interfaces are oorpletely -defined* 

The deviations f«*» the proposed system are categorised below 
according to functional r©qulre.:.onfcs of the signal processing equip- 
sent. 

2-7.1 Channelization of the Soppier Spaotrag 

The nosfcer of discrete frequency detection channels for each of 
the tm filter banks (left and right banks) is now established at 40 
instead of the originally proposed 25 - Qaarta crystal resonators will 
be used in a 3-pole filter having Butteworth ch aract erlst ic s . The 3- 
pole !f shared ,! technique involves the sharing of two of the three- crys- 
tals per channel with the two adjacent channels. The banctrid&h at 
crossover of adjacent filters is now 14 cpe, md the 3 db bandwidth is 
16.2 cps. The filter was initially proposed as a 2-pole filter having 
■% 3 db bandwidth of 20 eps* The change to- 3-pol® filters provides 
greater resolution of targets due to steeper skirt# of the attenuation- 
froqueney response. 

A specific at ions has; been written for the crystal© and a purchase 
order has been placed for crystals to be used in. the breadboard System- 
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2.7,2 inuetopo V&ssbim 

: Th® standard approach In the mechanisation of & filler bank fre- 
quency detection channel, include an^lification of the filter output to 
obtain a signal co^nsuratc with detection requirements and the sub- 
sequent envelope detect ion perforaed by an amplifier and detector in 
«ach channel, A different phitooopy ha® been adapted in this system 
whereto the filter output© and poet-detection integrator input© o* ##®h 
channel are isaXtiplesced, to a stogie 3 K$>Xlfi«r mid detector per hank, 

The adveiitage® of a raultiplwced system are jartoarily ir#rov#d tracking 
stability from channel to channel and fewer adjustments necessary. A 
trade-off of linear network elements is a standard approach for switch- 
ing elements to the mltiple>:tog scheme and may be coneldered as m 
advantage because of reduced power consumption and lower coaponeni count. 
•The bandwidth of the filter and number of channels involved make the 
jstotiplflecing technique feasible. According to earapltog theory, the 
ndidwEs rate of sampling » signal to insure recovery of the vms«^a®d. 
Information without distortion is twice the highest signal frqeuency 
in the saspled. information. For a 3 lb bandwidth of 16.2 ops the 
sailing frequency should be at least (2) (to. 2) ** 32.4 CP 3 * & sasp- 
ling rate of 75.7 cps will be employed for the mltiplemi filter bank. 

The post-detection integration function is being awchanised with 
a capacitor which will act as sn ideal integrator eaasept for negligible 
effects of capacitor leadkage. The effectively ideal integrator is 
baaed on use of a detector output stag# which functions as » current 
source. This iecluiitp© is feasible sine a the integrator will be ‘’drifted 1 ’ 
or discharged md eloped after Interrogation of the integrator follow- 
ing each integration period. Tito integration time is 290 Mill isoconds. 
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oo&parea with the initially proposed l/3 second. 

the a-mlifier of the mXtiple&ed frequency detection channels 
will have an A.CJC loop to provide +10 db, -30 db, of gain control. This 
range of gain control is .required to irtaiutain a constant avex-aga .noise 
level, at the amplifier output. The average wise input to the filter 
bank frcm the third IF will not be constant bee atte of the *mmxy* AQG 
techniques employed in tise third IF. The control of the AOG amplifier 
is achieved by use of a reference eternal which consists of a wide band- 
pass filter multiplexed to the anfiliflar end detector utilised by the 
W> rnrml channel a. The detected output of this channel , after filter- 
ing with a leaf-pass filter which ha© a response cosmns'urata with that 
of a 3-pol© taokfMS filter* is used as the AGQ signal for the arapll- 
fi«r. The AGC amplifier will have an instsnt&neous dynsoaie range of 


20 db to handle signals and noise iRSnxlsos, 


2 . 7.3 



The sequential readout of the post-detection integrators will be 


acco^liahed with an electronic scanning device. Present plans are 


to us© a svtgnetic oure-traasistor scanner since this type of .mechanisa- 
tion I« msi coajpatlble with the nultipleeced filter bank S$eten. The 
■ '\qnetic core scanner particularly satisfies the requireftent of isola- 
ted control signals for bilateral switches amployedin the lailtipleodLng 


ache^fie. The news of ■& recent release of spec 51“ ic at iona on a field 


effect transistor that has a significantly Improved saturated 


drop characteristic will be investigated within the next reporting 
perlb.u. bltimateXy this type of device is highly desirable as a re- 
plmmmni of the chopper transistors us ©d as switching elnaonis,. since 
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*R isolated control signal, ia not required and a iaic ^electronic 


scanner then becomes m» advantageous . 

ihe interrogation process will be carried out by the scanner at 
a 44. 52 foe rate (22.5 uaec/step) . Doth left and right banks will be 
seamed twice, position for position, so that a relative comparison 
he :; »«e of the outputs of corresponding channels. 3n the first 
interrogating scan of the post—ietse t ion Integrators decisions are 
made regarding the prmoce or absence of a target in the left bank. 
The second interrogating scan provides the same infoasatioe for the 
right bank. The decisions about targets are presented to the Data 
Processor unit for further processing, 

fh© sailing of signal information will be .mechanised using the 
sa ;:!0 scanner m weed for interrogation, except that the seaming rate 
will be 6*36 See, this timesharing feature reduces overall system 
honors. The logic and control circuits of the filter bank will b# 
mechanised to a large extent with microelectronic circuits , 
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2.8 active mmmrm plahs for mn kifoetikg period 

Dazing the next tsonth great, stress, will be placed on co .ipletirv; 
all long lead item specifications and placing ftra orders for all eoas- 
ponmts for the first engineering raodel. Plans for system testing and 
my special test ©quipsterit required will be given the full attention 
of our system analysis and integration group this Month. 

l k»sao of the hardware check 'points we expect to pass are? 

(a) Start layout of all boards for engineer. tag zsxiol. 

(b) Start layout of saodel pallets. 

(c) Start building boards for engineering Model®. 
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3. ANTENNA SUBSYSTEM 

3.1 ANALYSIS AND MODEL STUDY 

3.1.1 Analysis 

A previous section has discussed the trade-offs 
obtainable In the symetrlcal vs. the asymetrlcal antenna 
arrangement . As an Independent check# because this work, is 
rather tedious and subject to error, the antenna coverage 
was run on a digital computer. The results of the two 
approaches are In close agreement, showing that the designed 
coverage is obtained more easily with the «5 • asymetrlcal 
spacing and the ambiguity problem Is greatly minimized . 

3.1.2 Model Study - Traveling Wave Antenna 

The ground illumination requires two line sources of 
about 18 ft. length on the under side of the vehicle. This 
can be accomplished with a traveling wave antenna as well as 
the discrete resonant slot element antenna that will be dis- 
cussed in the following section. As of this time, the choice 
has not yet been made as to which of the two will be finally 
used. The advantage of the traveling wave antenna is In relative 
simplicity, low weight and possibly In bandwidth, while the 
discrete element antenna Is more conventional, and hence is a 
sure approach. 

The antenna being developed is a TEM wave excited slot 
as in the accompanying figure 3-1* Like the Imped element 
model, the width is greatly restricted by space available, 
making the slots far from resonant . There are 40 slots per 
wavelength, which are tightly coupled to the total line 
current making it possible to get a reasonable radiation per 
waVSCppl«\ra8t^ Release 2001/08/28 : CIA-RDP67B00657R000200260001-7 
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The wave velocity giving a beam as required at 30° 
from enuflre Is 115$ of free space., This fast wave is 
achieved by a ,010 cut through the ladder between each 
sixth gap, providing series capacity In the line, (see 
figure 3*1). In general It has been found easier to form 
a beam closer to the broadside direction. Thus the problem 
reduces to slowing the wave down sufficiently to give the 
correct pointing direction, and to simultaneously achieve 
nigh gain and low side lobes. The closest that has been 
realized to this time Is about 6 db gain at 34° from end 
fire with 10 db side lobes. 

3 * 1 * 3 Reporting Period, Analysis and Model study 

Th.ss radiation Is now far enough along that it can be 
used to model the c omelet© antenna, both In the 1 , and the 
1/2 ,<■ transverse separation configuration. This will be 
dorse at 4 to 1 scale frequency which is the ratio being used 
for the present work. This rather complete model will give 
conclusions which are about equally valid for the lumped 
element type of antenna and for the traveling wave type of 
antenna, A final step In the modeling work will be to tilt 
the slot radiators to compensate for the 18° tilted plane 
on which they are mounted, 

3*2 DEVELOPMENT OF ELEMENTS AND POWER DIVIDERS 

Hardware development and layout for a full scale 
feasibility discrete element demonstration antenna is nearly 
complete. This antenna configuration, which consists of an 
array ol radiating elements fed from power dividers cascaded 
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on. a single transmission line, is compatible with space 
allocation in the vehicle, phase control of the radiating 
elements will be achieved by the length of coaxial cable 
coupling the radiating element to the power* divider. 

3-2*1 Radiating Elements 

A radiating element configuration was developed having 
an input impedance equivalent to a single parallel resonant 
circuit matched to a 50 ohm line at center frequency with a 
3 % bandwidth for a VSKR less than 2. This bandwidth may 
increase In array operation due to the proximity effects of 
the other radiators. If a further bandwidth increase is 
necessary, it may be achieved by coupling the radiator input 
to a resonator through a quarter wave line, producing the 
equivalent of a two stage filter. 

3 . 2 . 2 Power .Dividers 

The power dividers being designed are directional 
couplers utilizing a pair of enclosed, continuously coupled, 
quarter wave long conductors. These power dividers are 
located adjacent to the corresponding radiating element and 
occupy a one inch square cross-section. 

3*2.3 Plans for Next Reporting Period, Elements and Power 
Mviflera — * 

The design of radiating elements and power dividers 
for a full scale demonstration antenna will be completed and 
released for fabrication. 

3.3 FABRICATION AND TEST OF DELIVERABLE ANTENNA SYSTEM 

No fabrication releases have yet been made In this area. 
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